Abstract. In order to improve the ability of anti-rollover for vehicle, the paper established a 4 DOF vehicle rollover dynamics model, and proposed a LQR control strategy based on active suspensions for vehicle. Under the Matlab/Simulink, the simulations and the results show that the presented control scheme not only can reduce the roll angle and roll angular velocity, but also can improve the rollover stability of the vehicle, and reduce the possibility of vehicle rollover accident.
Introduction
In recent years, the malignant traffic accidents caused by car rollover have occurred. In the United States, the damage degree of car rollover accidents is second of the car collision accident in in all traffic accidents [1] , the number of rollover accidents and deaths has been rising in China. As the car rollover occurs, the violent "two collisions" between the crew and the vehicle will cause huge casualties. Therefore, the research on vehicle lateral stability and rollover control system is of great significance. There are mainly three kinds of automobile anti rollover control techniques at present: one, active steering control of automobile, two, differential brake control, three, semi-active suspension/active suspension control. In comparison, the control effect of the automobile active suspension is most obvious.
Scholars have studied the anti-rollover control of automobile active suspension. In paper [2] ,analysis and Research on anti-rollover stability of automobile active suspension system has been carried out by the simulation, but no specific control algorithm is given. In paper [3] , fuzzy PID algorithm is used to analyze and study the improvement of heavy truck's rollover stability by active suspension. In paper [4] , a fuzzy control algorithm for joint simulation of ADAMS and MATLAB is proposed. In this paper, the semi axle model of automobile active suspension is used as the controlled object, and the LQR control algorithm is adopted. The linear output feedback controller is obtained by selecting the appropriate weighting matrix array to adjust the performance index of the system. The simulation results are carried out with MATLAB/SIMULINK, and the simulation results show that the active suspension system can obtain the anti-rollover performance of the active suspension system obviously better than the passive suspension by selecting the weighted function matrix, and effectively improve the vehicle's roll stability and the performance of the car anti-rollover.
Dynamic Model of Car Rollover

Lateral Load Transfer Ratio
The definition of lateral load transfer ratio lateral load transfer rate is the evaluation index of vehicle rollover stability [5] . According to the theory of a rollover, dynamic lateral load transfer rate can be expressed as: LTR= C-Suspension damping coefficient,
Under the stable state of straight, if the left mass and right mass is symmetrical,then LTR = 0, If left or right side of the wheel is raised off the ground, so LTR = 1 or -1, Without the wheels from the ground up the |LTR | < 1, the automobile in side tumbling stability state, And | LTR | value is smaller, the better side tumbling stability of vehicle. By changing the pressure of the hydraulic cylinder of the active suspension of the left and right sides, a tilting torque which is opposite to the direction of the tilting movement is produced to change the emergency of the car.Since the axles of the front and rear axles are symmetrical, one axle is selected for research, and a four degree of freedom 1/2 vehicle model is set up, as shown in Figure 1 [6] . According to Newton's second law, the following equation of vehicle dynamics is established. 
A Single Axis Rollover Model
Combined with the preceding (1), (2), (3), and (4) formulas, the state variables of the system are:
 , Then the system state equation can be written as:
,A, B 1 , B 2 are the matrix of car parameters.
LQR Control Strategy for Active Suspension
The schematic diagram of the system is shown in Figure 2 . The control strategy adopts the LQR method in the optimal control for the state equation. is minimal, Q is positive definite (or semidefinite) Hermite or real symmetric matrix. R is a positive definite Hermite or real symmetric matrix. In the performance analysis of the control system, the performance state of the integrated control is considered, and the energy of the integrated control is minimized. The control performance index J is expressed as [7] : According to the optimal control theory, when the system is fully controllable, the solution of the terminal time infinite regulator exists and exists only in the range of time 0 to infinity. That is to say, under the action of optimal control law, the linear U= -Kx system moves from the initial state to the terminal state under the optimal control law, thus satisfying the minimum performance index of the system.   .It can be obtained by MATLAB command, LQR is linear two times regulator under MATLAB [8] .
Simulation and Result Analysis
In the simulation and experimental research, the model of the semi-active anti-rollover of th e electro-hydraulic active suspension is shown in Figure 1 . The parameters of each referenc e are: m 1 =26k, m 2 =680kg,
The speed of the car is 60km/h, the steering wheel angle stability is 45 degrees, which does not consider the influence of the pavement unevenness, that is 0L Z = 0R Z =0. After the simulation of 0.5s, it simulated the state of the steady running of the car at a certain speed on the bend, and carried out the comparison simulation under the control of the LQR control and without control, and compared the results. The selection of weighted matrix Q and R has an important influence on the performance of all aspects of the system. The simulation results are shown in figure 3~6 . Through the comparison of the above simulation results and calculation, we can see that by the optimal LQR control, the average roll angle is 98.69% lower than that without control, the maximum roll angle is 99.11% lower than that without control, and the average roll angle velocity is reduced by 97.94% than that without control. The maximum value of roll angle velocity is reduced by 97.34% compared with that without control, The average roll angle acceleration is 68.23% lower than that without control, the maximum roll angle acceleration is 0% lower than that without control, the average value of lateral load transfer ratio is 98.63% lower than that without control, the maximum value of lateral load transfer ratio is reduced by 99.09% lower than that without control. Compared with the result of calculation, it can be seen that the maximum value of LQR control rollover acceleration is not changed compared with that of no control, but it can be seen from Figure 4 and figure 5 drawing line that this is mainly due to the rapid change of the LQR control in the beginning of the relatively large outside angle of the disturbance. The performance indexes of other rollovers have been greatly improved, indicating that the control performance is good.
Summary
In this paper, the LQR control of vehicle active suspension is explored and the following conclusions are drawn.
(1) The designed LQR controller has good control performance, which improves the stability of the car rollover, improves the vehicle's tilting state and reduces the possibility of car rollover accidents. The simulation results show that the LQR control method based on active suspension can achieve high precision control.
(2) According to the different performance requirements, by changing the empirical parameter matrix Q and R, the different optimal control force feedback gain matrix K can be obtained, and the active force controller which meets the requirements of different performance is designed.
(3) Compared with semi-active suspension, active suspension anti rollover has the disadvantages of high installation cost and high use cost, and high energy consumption during the working process. However, compared with the semi-active suspension, the active suspension LQR control adopts the electro-hydraulic active suspension structure, the anti-rollover torque is large, and the anti-rollover control performance is better.
